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COUPLING  SURFACE  CHLOROPHYLL  AND  SOLAR  IRRADIANCE 

IN  THE  NORTH  ATLANTIC 


R.  Araone 
G.  Terrie 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 

R.  Oriol 

Planning  Systems  Incorporated 
Slidell,  LA  70458 


Abstract 

The  monthly  variability  of  the  ocean  chlorophyll  distribution  wasters  is  correlated 
with  monthly  averaged  surface  solar  irradiance  in  the  North  Atlantic  for  1979.  The  ocean’s 
chlorophyll  cycle  is  believed  closely  associated  with  the  global  carbon  budget.  Chlorophyll 
which  compresses  the  majority  of  oceans  carbon  fixation,  is  stimulated  by  light  (irradiance) 
and  nutrient  availability.  In  this  paper,  the  influence  of  irradiance  (@  490  nm)  on 
chlorophyll  is  presented  for  different  ocean  regions. 

Mean  monthly  chlorophyll  was  computed  from  the  Coastal  Zone  Color  Scanner  at 
a  resolution  of  20  Im  during  1979  for  the  North  Atlantic.  Total  mean  monthly  surface 
irradiance  at  sea  surface  were  modeled  from  data  bases  of  a)  aerosol  optit^  depth 
(acquired  from  monthly  1979  CZCS;  La670)  b)  ozone  optical  depth  (acquired  firom  daily 
1979  Total  Ozone  Mapping  Spectrometer)  and  c)  percentage  of  cloud  cover.  Different 
ocean  regions  were  ansilyzed  representing  the  ^uatorial,  Northern  Atlantic,  Sargasso, 
African  Upwelling  and  US  shelf  waters.  Solar  irradiance  has  a  controlling  influence  on 
chlorophyll  only  in  certain  regions.  Spring  and  fall  blooms  develop  in  regions  where  the 
strong  seasonal  cycle  of  irradiance  is  observed. 

This  research  illustrates  the  application  of  satellite  ocean  color  for  characterizing  the 
ocean’s  biological  dependence  on  solar  irradiance  and  provides  an  initial  understanding  of 
the  seasonal  distribution  of  carbon  at  the  sea  surface. 


Sponsor  by  the  Space  and  Naval  Warfare  Systems  Command. 


Presented  at  MTS  ’91,  New  Orleans,  LA,  November  ll-L',  1991. 
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RESPONSE  OF  SURFACE  CHLOROPHYLL  TO  SOLAR 
IRRADIANCE  IN  THE  WESTERN  MEDITERRANEAN 


R.  Arnone 
G.  Terrie 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 

R.  Oriol 

Planning  Systems  Incorporated 
Slidell,  LA  70458 


Abstract 

The  monthly  development  of  the  chlorophyll  distribution  of  surface  waters  of  the 
Western  Mediterranean  is  compared  with  monthly  averaged  surface  solar  irradiance.  The 
growth  and  decay  of  the  chlorophyll  concentrations  in  the  surface  layer  are  shown  to  be 
strongly  connected  to  the  total  solar  irradiance  distribution. 

The  Coastal  Zone  Color  Scanner  (CZCS)  data  was  used  to  compute  the  monthly 
mean  chlorophyll  distribution  at  a  spatial  resolution  of  20  km  during  1979.  In  addition  to 
characterizing  the  circulation,  the  monthly  distribution  show  the  temporal  biological 
variabilities  within  specific  ocean  regions  (Ligurian  Sea,  Gulf  of  Lion,  Balearic  Sea,  Central 
Algerian  Basin,  Algerian  Current,  and  Alboran  Sea).  Atmospheric  models  estimate 
coincident  mean  monthly  solar  irradiance  (1979)  at  the  ocean  surface  at  20  km  resolution. 
Irradiance  models  assimilated  data  bases  of  a)  aerosol  optical  depth  (acquired  from  monthly 
1979  CZCS;  La670)  and  b)  ozone  optical  depth  (acquired  fi-om  daily  1979  Total  Ozone 
Mapping  Spectrometer). 

The  rapid  development  of  a  spring  chlorophyll  bloom  (April  and  May)  in  the 
Western  Mediterranean  shows  strong  dependence  with  increased  solar  irradiance. 
Increasing  irradiance  during  summer  shows  a  steady  decline  of  the  chlorophyll  as  the  growth 
conditions  are  photo-inhibited.  In  late  summer  (Oct),  the  Western  Mediterranean  shows 
minimal  chlorophyll  concentration  suggestingdegeneration  resulting  from  nutrient  limitation. 

This  research  illustrates  the  application  of  ocean  color  for  understanding  the  role 
which  the  surface  irradiance  has  on  upper  ocean  biological  responses  in  the  Western 
Mediterranean. 
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Sponsored  by  Space  and  Naval  Warfare  Systems  Command. 
Presented  at  the  lUGG  Meeting  in  Vienna,  21  August  1991. 
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COUPLING  OF  THE  CHLOROPHYLL  AND  PHYSICAL  PROCESSES 
ACROSS  THE  ICELAND-FAEROE  FRONT  USING  AIRCRAFT  SENSORS 


R.  Amone 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 

P.  La  Violette 
Mississippi  State  University 
Stennis  Space  Center,  MS  39529 


Abstract 

The  ocean  surface  color  (water-leaving  radiances)  and  thermal  structure  across  the 
Iceland-Faeroe  Front  under  both  clear  and  cloudy  conditions  were  measured  from  a  NASA 
research  aircraft  on  25  May  1989.  The  measurements  were  made  along  four  north-south 
lines  that  were  125  km  in  length  and  spaced  35  km  apart.  The  color  measurements  were 
made  with  a  14  channel,  non-polarized  Multispectral  Airborne  Radiometer  System  (MARS) 
while  the  thermal  data  were  collected  by  a  thermal  radiometer  and  aircraft 
bathythermographs.  The  satellite  imagery  (NOAA  AVHRR)  sequence  show  the 
development  of  meanders  through  the  frontal  region.  These  aircraft  ocean  color  and 
thermal  data  characterize  the  biological  distribution  and  are  closely  coupled  to  the  physical 
processes  occurring  in  the  frontal  systems.  The  ratio  of  several  channels  of  the  ocean  color 
data  are  used  to  determine  the  surface  chlorophyll.  The  retrieved  data  correlate  well  with 
(a)  laser-induced  chlorophyll  fluorescence  obtained  at  the  same  time  and  (b)  historical 
chlorophyll  data. 

The  observed  chlorophyll  patchiness  appearing  across  the  Iceland-Faeroe  Front  is 
believed  to  be  directly  and  indirectly  related  to  primary  and  secondary  circulation  processes 
in  ocean  frontal  systems.  High  chlorophyll  concentrations  were  observed  on  the  north  side 
of  the  front  and  are  inferred  to  be  the  result  from  the  advection  of  Icelandic  Coastal  Water 
into  the  region.  The  sharp  chlorophyll  declined  at  and  south  of  the  thermal  frontal 
boundary  is  clearly  related  to  the  subsurface  thermal  strsucture. 


Sponsor:  Chief  of  Naval  Operations  (OP-096). 


Presented  at  the  Fourth  Airborne  Geoscience  Workshop,  La  Jolla,  CA,  Jan’  ary  29  - 
February  1,  1991. 
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OPTICAL  VARIABILITY  OFF  THE 
EAST  COAST  USING  CZCS  DATA 


R.  Amone 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 

W.  Elenbaas 

Naval  Oceanographic  Office 
Stennis  Space  Center,  MS  39527 


Abstract 

The  scales  of  optical  variability  for  selected  East  coast  water  masses  were  examined 
using  historical  Coastsd  Zone  Color  Scaimer  monthly  composites.  Monthly  climatology  was 
determined  from  1978  to  1986  of  the  diffuse  attenuation  coefficient;  k(490)  for  the  1.  Shelf 
2)  Slope  3)  Gulf  Stream  and  4)  Sargasso  waters.  The  mean  and  standard  deviation  of 
k(490)  for  these  waters  were  derived  from  water  leaving  radiance  from  standard  NASA 
Goddard  CZCS  products  (Feldman  et  al.  1987)  and  k(490)  algorithms  (Mueller  et  al,  1990). 
Results  show  distinct  differences  in  the  optical  properties  of  these  water  masses  with  Shelf 
having  the  highest,  followed  by  the  Slope,  Gulf  Stream  and  Sargasso  having  the  lowest 
k(490)  values.  Minimum  values  were  observed  in  summer  compared  with  elevated  values 
in  spring.  Shelf  waters  show  the  strongest  monthly  k(490)  change  from  0.097  m-1  in  Spring 
to  0.06  in  Summer.  Sargasso  waters  remain  low  in  all  months  at  0.032  m-1.  Inter-annual 
variability  of  these  water  masses  is  shown  to  be  well  correlated  with  the  mean,  i.e.;  high 
mean  values  of  the  shelf  waters  have  covarying  high  standard  deviation.  This  suggests 
methods  of  discrimination  of  the  water  masses  based  on  the  statisiics  from  optical 
climatology. 


Sponsor:  Chief  of  Naval  Operations,  Program  Element  63704N. 


Abstract  for  AGU,  May  28-June  1,  1991,  Baltimore,  MD. 
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A  METHODOLOGY  TO  DETERMINE  OCEAN  BIOLOGICAL 
CLIMATOLOGY  USING  REGIONAL  DATA  BASE  MODELS 


B.  Amone 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 

P.  La  Violette 
Mississippi  State  University 
Stennis  Space  Center,  MS  39529 


Abstract 

Because  satellite-derived  chlorophyll  (e.g.  by  the  Coastal  Zone  Color  Scaimer)  is 
limited  to  surface  distribution,  major  biological  activities  in  the  ocean  lie  beyond  direct 
satellite  observation.  However,  by  coupling  the  satellite-derived  surface  distribution  with 
other  distributions  such  as  mixed  layer  depth,  vertical  irradiance,  etc.  the  vertical  biological 
distribution  may  be  realistically  inferred.  From  this,  it  is  assumed  that  regional  data  bases 
of  these  distributions  can  form  the  foundation  to  model  the  ocean’s  biological  distribution. 

At  this  time,  the  limitations  of  available  data  from  all  sources  dictate  that  monthly 
composite  or  averaged  regional  data  bases  be  used  for  such  modelling  (indeed,  the 
applications  of  these  monthly  composites  are  more  easily  adapted  to  our  present  modelling 
capability  which  have  not  evolved  sufficiently  to  address  "small”  scale  process'^s  on  a  regional 
basin  scde).  In  the  case  of  satellite  data,  a  monthly  ocean  climatology  is  preferred  over  the 
normal  "snapshot"  views  of  mesoscale  features  provided  by  single  satellite  passes.  These 
composites  present  a  view  of  an  entire  ocean  basin,  retaining  the  long-lasting  features  that 
because  of  their  persistent  are  more  meaningful  in  relation  to  the  ocean’s  bulk  energy  and 
biological  distribution. 

The  obvious  interaction  of  properties  within  the  various  regional  data  bases  provide 
an  easy  methodology  to  understand  the  spatial  inter-comparisons  of  these  ocean  properties. 
For  example,  the  relationships  of  the  surface  irradiance  distribution  at  the  sea  surface  can 
be  shown  to  spatial  accelerate  growth  of  the  surface  chlorophyll.  What  makes  modelling 
regional  data  bases  attractive  is  that  it  addresses  large  scale  ocean  processes,  illustrating  the 
complex  distributions  and  interactions  taking  place  in  the  regional  oceans.  As  our 
understanding  of  these  processes  develop,  additional  elements  can  be  easily  added  to  the 
data  base  (i.e.  wind  stress,  nutrients). 
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With  the  increased  ocean  color  satellite  support  for  oceanographic  surveillance, 
improved  and  real  time  data  base  will  supplement  biological  and  physical  data  bases, 
thereby  improving  our  understanding  and  modelling  capability. 

Sponsor  by  the  Space  and  Naval  Warfare  Systems  Command. 

Presented  at  the  23rd  International  Liege  Colloquium  on  Ocean  Hydrodynamics  at  Liege, 
Belgium,  May  6-10,  1991. 
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ACCURACY  IMPROVEMENTS  IN  THE  APPLICATION 
OF  THE  RING-CORE  FLUXGATE  MAGNETOMETER 


W.  Avera 
J.  Ross 
T.  Nicolaides 
G.  McCardle 
M.  Thiele 


Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

A  ring-core  fluxgate  magnetometer  is  being  considered  for  installation  on  the  Naval 
Oceanographic  Office  Project  Magnet  aircraft.  The  Naval  Oceanographic  and  Atmospheric 
Research  Laboratory  was  tasked  to  determine  the  feasibility  of  the  new  magnetometer’s 
airborne  application  and  to  explore  methods  to  assure  accuracy  in  its  use.  To  carry  out 
these  tasks,  an  initial  test  flight  was  conducted.  This  test  pointed  out  the  feasibility  of  this 
magnetometer  for  airborne  applications  but  identified  accuracy  deficiencies.  The  results  of 
laboratory  work  concerning  the  cause  of  the  inaccuracy  and  a  second  flight  that  verifies 
improvements  are  reported  here.  These  results  are  closer  to  those  desired.  This  report 
describes  the  process  used  and  the  instrumentation  configuration  that  yielded  the  results. 


Sponsor:  Naval  Oceanographic  Office  under  program  element  OPN. 
Published  as  NOARL  Report  12,  January  1991. 
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CORRELATED  VECTOR  MAGNETIC  MEASUREMENTS 
FOR  A  189  KM  BASELINE 
IN  THE  GULF  OF  MEXICO 


W.  Avera 

C.  Young 
E.  Mozley 

D.  Fraley 
J.  Reynaud 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

Magnetic  measurements  for  the  frequency  range  0.0007  -  0.5  Hz  in  the  Gulf  of 
Mexico  indicate  a  good  correlation  to  land  based  measurements  180  Km  away.  Vector 
magnetic  data  were  acquired  on  the  ocean  bottom  in  40  m  of  water.  A  simultaneous  data 
recording  system  180  Km  away  at  the  NOARL  Magnetic  Observatory  recorded  the  same 
geomagnetic  pulsations.  Data  indicate  that  geomagnetic  noise  in  this  frequency  range  can 
exhibit  a  high  degree  of  coherence  over  large  spatial  distances.  Onshore  magnetotelluric 
(MT)  measurements  reveal  the  conductivities  to  exhibit  a  horizontally  layered  structure  in 
the  vicinity  of  these  long  baseline  magnetic  measurements. 

Data  from  these  recent  onshore  MT  sites  are  consistent  with  an  ofrshore  MT 
measurement  by  Mobile  Oil.  Lateral  increasing  conductivity  from  onshore  toward  the 
coastline  is  observed  in  an  interpreted  layer  extending  from  near  the  surface  to  on  the  order 
of  500  m  depth. 

Ofrshore  long  baseline  data  are  recorded  with  an  autonomous  ocean  magnetometer 
system  (OMS).  The  primary  magnetic  sensor  at  both  onshore  and  o&hore  recording 
stations  is  a  ring  core  fluxgate  magnetometer.  O^hore  data  are  compensated  for  motion 
induced  noise  and  orientation  with  tiltmeter  and  angular  accelerometer  measurements. 


Sponsor:  Office  of  Naval  Research. 


Presented  as  a  poster  at  AGU,  May  28-June  1,  1991,  Baltimore,  MD. 
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A  NEW  OCEAN  BOTTOM  MAGNETOMETER  SYSTEM 
FOR  CONTINENTAL  SHELF  MEASUREMENTS 


W.  Avera 
D.  Fraley 
J.  Reynaud 
LT  D.  Byman 

Naval  Oceanographic  and  Atmospheric 
Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 

Richard  Burgett 
Planning  Systems,  Inc. 

Slidell,  LA  70458 


ABSTRACT 

The  Naval  Oceanographic  and  Atmospheric  Research  Laboratory  (NOARL)  initiated 
the  development  of  an  Ocean  Magnetometer  System  (OMS)  to  conduct  research 
measurements  of  the  ocean  magnetic  environment  on  the  continental  shelf  and  in  shallow 
marginal  seas.  Little  is  known  of  the  magnetic  environment  on  the  shallow  continental  shelf 
areas.  Most  vector  magnetic  measurements  conducted  in  the  ocean  are  from  the  deep 
ocean  basins.  Motion  of  the  magnetic  sensor  is  a  major  limiting  factor  in  shallow  water 
vector  magnetic  measurements. 

The  new  technology  incorporates  motion  sensors  with  a  vector  magnetometer  to 
improve  the  signal/noise  of  the  vector  magnetic  measurements.  In  an  experiment  in  the 
Gulf  of  Mexico,  the  signal/noise  of  the  vector  magnetic  measurements  are  improved  by  as 
much  as  20  dB  utilizing  the  motion  sensor  data. 

Some  of  the  advances  in  design  and  data  processing  for  this  system  can  have  a 
significant  impact  on  future  underwater  magnetometer  recording  systems  for  continental 
shelf  research.  This  system  could  also  serve  as  a  temporary  geomagnetic  monitoring  station 
for  shallow  marginal  sea  deployment  locations  where  land  stations  are  not  available. 


Sponsor:  Office  of  Naval  Research. 


Presented  at  MTS  ’91,  New  Orleans,  LA  11-13  November  1991. 
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VECTOR  MAGNETIC  MEASUREMENTS  IN  A  SHALLOW  OCEAN 
ENVIRONMENT  CORRELATED  WITH  A  LAND  BASE  STATION 

180  KM  DISTANT 

W.  Avera 
E.  Mozley 
D.  Fraley 
J.  Reynaud 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

Geomagnetic  time  series  are  compared  to  show  the  correlation  of  the  vector 
components  between  a  land  based  station  and  an  ocean  based  station  approximately  180  Km 
apart.  The  residual  between  the  two  stations  was  computed  using  a  frequency  dependent 
transfer  function  prediction  technique.  This  procedure  demonstrated  a  12.5  dB 
improvement  in  the  signal/noise  for  reducing  geomagnetic  temporal  variations.  The  data 
recorded  offshore  were  obtained  ’ising  a  new  Ocean  Magnetometer  System  (OMS) 
developed  for  vector  magnetic  measurements  in  continental  shelf  and  marginal  sea 
environments.  Two  techniques  are  investiga  d  for  motion  noise  reduction  using  data  from 
the  OMS.  An  adaptive  interference  cancelii^  technique  was  selected  for  the  motion  noise 
reduction  procedme. 


Sponsor:  Office  of  Naval  Research. 

Abstract  submitted  AGU,  San  Francisco,  CA,  December  14-16, 1991. 
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SURVEILLANCE  WITH  DEPLOYABLE 
DISTRIBUTION  SYSTEMS  AND  THE  IMPACT 
OF  ELECTROMAGNETIC  NOISE  SOURCES 


W.  Avera 
E.  Mozley 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

The  salient  environmental  characteristics  for  coastal  areas  that  impact  the  operational 
deployment  of  electric  and  magnetic  field  sensors  are  identified.  The  relative  importance 
of  significant  noise  sources  is  described,  techniques  for  modelling  their  effects  are  reviewed, 
and  their  impact  on  deployable  distributed  electromagnetic  surveillance  systems  are 
summarized.  Experiment^  plans  for  validating  some  of  these  models  are  proposed.  Finally, 
plans  and  recommendations  to  utilize  these  models  in  developing  an  array  performance 
evaluation  capability  are  presented. 


Sponsored  by  the  Naval  Ocean  Systems  Center,  Program  Element  06023 14N. 


Published  as  NOARL  Technical  Note  181. 
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DESIGN  OF  THE  GEOPHYSICAL  AIRBORNE 
SURVEY  SYSTEM: 

A  DISTRIBUTED  MICROPROCESSOR  APPLICATION 


B.  Bourgeois 
M.  Harris 
P.  Wischow 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

This  paper  discusses  the  design  of  the  Geophysical  Airborne  Survey  System  (GASS). 
GASS  was  developed  by  the  Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
(NOARL)  and  is  a  real-time,  distributed  microprocessor  sensor  system.  The  Naval 
Oceanographic  Office  (NAVOCEANO)  intends  to  use  this  system  on  the  Project  Magnet 
P-3  Orion  aircraft  to  collect  worldwide  magnetic  and  hydrographic  data. 

The  paper  begins  with  a  brief  discussion  of  the  mission  and  history  of  GASS.  Then, 
a  review  is  given  of  the  advances  made  during  the  last  decade  in  the  area  of  real-time 
distributed  microprocessor  systems.  The  final  GASS  design  has  eight  Motorola  MC68020 
based  nodes  intercoimected  by  a  MIL  STD-1553B  based  network.  Six  of  these  nodes  are 
used  for  sensor  interfacing.  The  other  two  nodes  are  used  for  operator  interfacing,  data 
recording,  and  data  processing. 


Sponsored  by  the  U.S.  Naval  Oceanographic  Office  under  program  element  #980101. 


Published  in  MICROCOMPUTER  APPLICATIONS,  Volume  10,  No.  1,  April  1991. 
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fflGH  ACCURACY  MAGNETIC  MEASUREMENTS 
WITH  THE  ASQ-81  SCALAR  MAGNETOMETER 
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W.  Avera 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 


The  Texas  Instruments’  ASQ-81  scalar  magnetometer  provides  high  resolution  total 
field  magnetic  measurements.  The  ASQ-81  uses  an  optically  pumped  metastable  helium  gas 
detector  that  has  a  range  of  23000  to  75000  gammas  and  a  .016  gamma  peak-to-peak  noise 
level.  Total  magnetic  field  measurements  can  be  made  using  the  resonance  oscillator  output 
of  the  magnetometer.  The  resonance  oscillator  output  is  a  frequency  modulated  signal 
whose  center  frequency  is  the  Larmor  frequency.  For  sampling  rates  slower  than  .5  Hertz 
the  Larmor  frequency  can  be  measured  directly  from  the  resonance  oscillator  using  a 
frequency  counter.  At  higher  sampling  rates  the  modulation  of  the  resonance  oscillator 
output  can  create  measurement  errors  that  exceed  the  instrument’s  noise  level.  This  paper 
quantifies  this  measurement  error  and  describes  the  circuitry  and  techniques  required  to 
reduce  the  measurement  error  to  less  than  the  instrument  noise  level. 


Sponsor:  Naval  Qceanographic  Qffice,  program  element  980101. 


Published  in  IEEE  INSTR.  &  MEASUREMENT.  Vol  40,  No.  4,  August  1991. 
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NEURAL  NETWORK  SEAFLOOR  CHARACTERIZATION 
FROM  SIDESCAN  SONAR  IMAGERY 


B.  Bourgeois 
A-  Martinez 
C.  Walker 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

This  paper  investigates  the  use  of  neural  networks  for  the  direct  estimation  of  image 
texture.  Unlike  previous  approaches  where  networks  are  used  to  make  decisions  on  feature 
vectors  derived  from  traditional  techniques,  or  where  a  network  is  trained  to  perform  the 
function  of  a  traditional  technique,  the  proposed  approach  will  use  a  network  to  directly 
model  texture.  The  envisioned  approaches  to  this  method  are  described  and  the  results  of 
the  preliminaiy  1-dimensional  tests  are  presented. 


Sponsor:  This  work  was  supported  by  the  Office  of  Naval  Technology,  Program  Element 
#62435N. 


Presented  at  MTS  ’91,  New  Orleans,  LA,  November  11-13,  1991. 
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NONUNEAR  PHENOMENA  IN  ADAPTIVE  LMS 
HLTER  SIGNALS 


B.  Bourgeois 
A-  Martinez 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

This  paper  demonstrates  that  the  adaptive  LMS  filter  does  not  necessarily  converge 
to  the  Wiener  Solution.  Iteration  analysis  is  introduced  and  applied  to  the  structure  of  the 
estimate  and  error  signals  for  the  filter  is  investigated  for  an  N  tap  filter.  Simulation  results 
are  provided  which  collaborate  the  theoretical  findings. 


Sponsor:  Office  of  Naval  Technology,  Program  Element  #62435N. 


Published  in  IEEE  Proceedings  of  the  IEEE  Southeastcon  ’91,  Volume  2. 
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SIDESCAN  SONAR  IMAGE  INTERPRETATION 
WITH  NEURAL  NETWORKS 


B.  Bourgeois 
C.  Walker 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

This  paper  investigates  the  use  of  neural  networks  for  the  direct  estimation  of  image 
texture.  Unlike  previous  approaches  where  networks  are  used  to  make  decisions  on  feature 
vectors  derived  from  traditional  techniques,  or  where  a  network  is  trained  to  perform  the 
function  of  a  traditional  technique,  the  proposed  approach  will  use  a  network  to  directly 
model  texture.  The  envisioned  approaches  to  this  method  are  described  and  the  results  of 
the  preliminary  1-dimensional  tests  are  presented. 

Sponsor  by  the  Office  of  Naval  Technology,  Program  Element  #62435N. 


Published  in  the  Proceedings  of  the  IEEE  Oceans  ’91,  Honolulu,  Hawaii,  October  1-3, 1991. 
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Abstract 

This  paper  investigates  the  use  of  neural  networks  for  the  direct  estimation  of  image 
texture.  Unlike  previous  approaches  where  networks  are  used  to  make  decisions  on  feature 
vectors  derived  from  traditional  techniques,  or  where  a  network  is  trained  to  perform  the 
function  of  a  traditional  technique,  the  proposed  approach  will  use  a  network  to  directly 
model  texture.  The  envisioned  approaches  to  this  method  are  described  and  the  results  of 
the  preliminary  1 -dimensional  tests  are  presented. 

Sponsored  by  the  Office  of  Naval  Technology,  Program  Element  #62435N. 


Published  in  the  Proceedings  of  the  IEEE  Conference  on  Neural  Networks  for  Ocean 
Engineering,  August  15-17,  1991,  Washington,  DC. 
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ISSUES  OF  DATA  CONTENT  AND  STRUCTURE 
REQUIREMENTS  FOR  SPATIALLY  ORIENTED 
OCEANOGRAPfflC/HYDROGRAPfflC  FEATURE  DATA 


J.  Breckenridge 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

The  complexity,  diversity,  and  temporal  variance  of  shallow  and  deep  water 
oceanographic/hydrographic  features  requires  a  broad  implementation  of  theory  associated 
with  spatial  feature  attribution  and  topological  data  storage  techniques.  Effective  and 
concise  representation  of  these  features  in  a  digital  format  depends  directly  upon  the 
capability  of  the  data  structure  to  store,  retrieve,  and  convey  topological  correlations 
inherent  within  the  feature  entities  and  their  attributes.  The  successful  development  of  a 
master  seafloor  digital  database  (MSDDB)  of  oceanographic/hydrographic  information 
requires  intensive  definition  of  the  individusd  geometric  data  entities,  i.^.,  polygonal  faces, 
line  edges,  and  nodes;  and  their  associated  attributes,  i.e.,  depth,  wave  height,  light 
attenuation.  The  effectiveness  of  the  data  structure  at  maintaining  a  relationship  between 
geometric  features  and  spatial  attributes  significantly  impacts  the  ability  of  the  GIS  to 
retrieve  and  demonstrate  realworld  oceanographic/hydrographic  phenomena. 

This  examination  of  data  content  and  structure  definitions  for  storing 
oceanographic/hydrographic  feature  information  focuses  upon  aspects  of  existing  spatial  data 
structures  and  attribution  schema:  for  portraying  the  dynamic  nature  of  the  seafloor 
environment.  Clarification  of  the  basic  geometric  and  spati^  feature  entities  associated  with 
oceanographic/hydrographic  features  and  their  abstract  digital  representations  is  needed  to 
further  define  a  set  of  general  guidelines  to  support  the  successfol  compilation,  encoding, 
and  relational  analysis  of  hydrographic  information. 


Sponsored  by  the  Defense  Mapping  Agency  Systems  Center,  Code  SGE. 


Presented  at  GIS/LJS,  Atlanta,  GA,  1  November  1991. 
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Commanding  Officer,  Naval  Oceanographic  and  Atmospheric  Research  Laboratory, 
Stennis  Space  Center,  Mississippi  39529-5004. 
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The  PHI  Perspective 


Defense  Hydroffuphic  Initiative 


Sununer 1991 


WHAT  IS  DHI? 


The  Defense  Hydrographic  Initiative  (DHI)  charter 
establishes  and  endorses  the  concept  of  the  DHI  to 
provide  formal  coordination  among  the  Defense  Mapping 
Agency  (DMA),  the  Oceanographer  of  the  Navy  (CNO 
OP-096)  and  the  National  Oceanic  and  Atmospheric 
Administration/National  Ocean  Service  (NOAA/NOS) 
regarding  the  collection,  processmg,  archiving,  analysis, 
integration,  production,  and  distribution  of  hydrographic 
and  bathymetric  sounding  data,  and  transition  to  support 
dlgitial  products  to  the  user  community. 

[Ed.  note:  DMA,  CNO  OP-096,  and  NOAA/NOS  all 
signed  the  Charter  whidi  was  ratified  by  final  signature  on 
20  June  1991. J 

Background 

The  DoD  and  dvil  maritime  communities  require 
hydrographic  and  bathymetric  data  of  ever  increasing 
accuracy  and  coverage.  The  availability  of  precise  satellite 
and  navigation  systems,  as  well  as  the  integration  of  these 
systems  vdth  DoD  C^I  and  fire  control  systems,  highlight 
the  expanding  demand  for  these  data  The  diversity  of 
supply  sources  (e.g.,  academia,  industry,  DoD  laboratories, 
Navy,  DMA,  NOAA/NOS,  and  foreign)  requires 
coordination  and  oversight.  Additionally,  emerging 
technologies  for  application  of  MC&G  data  require 
product  specification  and  implementation. 

Scope 

The  DHI  is  a  cooperative  mteragency  effort  that  addresses 
hydrographic  requirements  for  products  and  services  to 
ensure  concept  continuity  for  research,  development, 
production,  and  distribution  of  hydrographic  and 
bathymetric  products.  To  accomplish  this  initiative,  the 
DHI  is  focused  in  the  following  three  primary  thrust  areas: 


a.  Standardization  of  hydrographic/bathymetric  data 
collection,  processing/evaluation,  archiving,  and 
analysis/integration. 

b.  Product  and  service  identification  and  definition,  and 
implementation  of  the  necessary  support  process. 

c.  Coordination  of  research  and  development  (R&D) 
initiatives  among  academia,  private  industry,  allied 
hydrographic  offices,  and  international  organizations  as 
appropriate. 

Definitions 

For  purposes  of  this  charter,  the  following  definitions 
apply: 

Hydrographic  Data.  Measurement,  description,  and 
mapping  of  the  earth’s  waters  with  special  reference  to 
their  use  for  safe  navigation. 

Bathymetric  Data.  Ocean  depth  and  seafloor  3-D 
description. 

Responsibilities 

Each  member  agency  agrees  to  work  together  to  achieve 
consensus  of  operational  and  technical  development  issues 
within  the  hydrographic  community.  Furthermore,  upon 
establishing  a  consensus,  member  agencies  will  participate 
in  these  mutually  beneficial  cooperative  efforts  to  the 
extent  of  their  respective  resource  availability.  Authority  of 
the  DHI  is  limited  to  that  wluch  has  been  willingly  granted 
by  the  member  agendes. 

Organization 

The  following  four  organizational  levels  are  established  for 
the  mteragency  coordination  of  DHI: 
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Policy  Steering  Group  (PSG) 

The  PSG,  chaired  by  DMA,  consists  of  senior  managers 
from  DMA,  CNO  (OP-096)  and  NOAA/NOS  who  direct 
specific  goals  and  objectives  in  support  of  the  DHI. 

Technical  Steering  Group  (TSG) 

The  TSG,  chaired  by  DMA,  consists  of  senior  technical 
personnel  ^o  develop,  maintain,  and  execute  a  Long 
Range  Plan  that  articulates  the  policies  of  the  PSG 
regarding  the  implementation  of  new  and  emer^g 
MC&G  technology.  Additionally,  the  TSG  maintmns  and 
prioritizes  a  Technical  Development  Data  Base  of  spedfic 


Contents 

What  is  Dm _ 

Dm  Functionality _ 

Group  Responsibilities _ 

Wortog  Group  Definitions  and  Relationships 

with  TSG  and  Subgroups . — . . . 

Who  is  Dm _ 

Environmental  Factois:  The  Evolutioo  of  Naval 

Oceanography  . .  — . . - 

Digital  Nautical  Chart  Meeting  _ _ _ _ 

Technical  Steering  Group  Meeting . — . - 

Highlights  from  Prior  Steering  Group  Meetings 

Glossary . . . . — - - 

NOS  H^rogtaphic  Data  Base  Available— ___ 

EditorU  Notes  . . . . . . - 

Dm  Interest  Group  Meeting — . — . . - 


The  DHI  Perspective 


R&D  initiatives,  and  establishes  standing  working  groups 
to  focus  on  major  technical  development  areas.  TSG  m 
members  act  as  points  of  contact  for  actions  assigned  to  ■ 
their  respective  organizations.  * 

Working  Group  ■ 

A  working  group,  chaired  by  an  agency  member,  consists  I 
of  technical  personnel  who  perform  those  actions  required 
to  execute  the  Long  Range  Plan,  and  propose  development  ■ 
strategies  in  their  respective  areas  of  responsibility  for  | 
review  and  staffing  by  the  TSG  and  final  approval  and 
implementation  by  the  PSG.  A  working  group  organizes  n 
subgroups  as  needed,  or  groups  or  committees,  for  support  I 
in  the  development  of  specific  R&D  initiatives.  Approved 
initiatives  are  forwarded  to  the  TSG  for  review  and  entry 
into  the  Technical  Development  Data  Base.  I 

Subgroup 

A  subgroup,  chaired  by  an  agency  member,  consists  of  ■ 
technical  personnel  who  are  focus^  in  resolving  specific  | 
issues.  A  subgroup  documents  and  recommends 
approaches,  and  develops  task  descriptions  that  can  be  h 
programmed  for  work  by  agency  in-house  resources  or  ■ 
considered  for  fimding  as  a  contractual  effort.  Specific  task 
descriptions  developed  by  a  subgroup  form  the  basis  for  — 
implementing  the  DHI  strategy.  Sub^oup  initiatives  must  I 
be  coordmated  up  the  DHI  organizational  chain  of  * 
command  prior  to  implementation. 


Tite  DHI  Ptxspcctivc  is  ao  unclassified  scientific  and  technical  publication  funded  by  the  Defense  Mapping  Agency  Systems  Center  and  published  | 
quaiterly  by  the  Nival  Oceanognphic  and  Atmocpheric  Research  Laboratory  Mapping,  Charting  and  Geodesy  Division.  The  primary  objeaive  of  the 
DHI  is  to  provide  formal  ooordinatioo  among  the  Defense  Mapping  Agency,  the  Cteunographer  of  the  Navy  (CNO  OP-096),  and  the  National  Oceanic 
and  Atmospheric  Administiation/National  Ocean  Service  regarding  the  collection,  processing,  archiving,  analysis,  integration,  production,  and  ■ 
distribution  of  hydrographic  and  bathymetric  sounding  data,  and  transition  to  support  of  digital  products  to  the  user  community.  ■ 

For  additional  information  oonceniing  DHI,  contact  Kevin  Brown,  DMASC,  (703)  28S-92S0  or  AUTO  VON  356-9250.  For  information  regarding  The 
DHI  Perspective,  contact  Susan  Carter,  NOARL,  (601)  688-4652  or  AUTOVON 485-4652.  Material  may  be  reprinted  without  permission;  however,  credit  ■ 
to  the  source  would  be  appreciated.  Any  use  of  trade  names  and  trademarics  in  this  publication  is  for  identification  purposes  only  and  does  not  constitute  ■ 
endorsement  by  the  Federal  GovernnieaL 


Defense  Mapping  Agency  ,,  . . . . .  . . 

Chief  of  Naval  Opetations,  Oeeanogtapher  of  the  Navy . - . ; - 
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National  Ocntiogtaphic  and  Atmoqiheric  Research  Laboratory——— 
National  Oceanic  and  Atmospheric  Administration/National  Ocean  Service 

Defense  Hydrographic  Initiative  . - .  . — — 

NOARL  Ocean  S^nce  Directotate . —  — — 

NOARL  Mapping,  Charting  and  Geodesy  Division  — - - - 

NOARL  Mapping  Sciences  Branch - - 

The  DHI  Perspective  Technical  Coordinator - 


- Major  General  W.  K.  James,  USAF 

_.  Rear  Admiral  Geoffrey  L.  Chesbrough,  USN 

. . Rear  Admiral  J.  Austin  Yeager.  NOAA 

_ Dr.  Kenneth  I.  Daugherty 

- Lon  Smith 

. . . —  Commander  Larty  R.  Elliott 

. . . Dr.  Stan  Alper  ‘ 

—  . — .  Kevin  Brown,  Sponsor 

. - . . Dr.  Herbert  C  Eppert,  Jr. 

_ - . . . . Michael  M.  Harris 

_ Maria  Kalcic 

—  - Susan  Carter 


Destruction  Notice  -  For  unclassifed  documents,  handle  by  the  same  standard  as  applied  to  'For  Official  Use  Only  (FOUO)*  material,  and 
destroy  by  any  method  that  will  prevent  disclosure  or  reconstruction  of  the  document.  For  classified  documents,  follow  the  handling  and 
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this  document  will  be  referred  to  Commanding  Officer,  Naval  Oceanographic  and  Atmospheric  Research  Laboratory,  Stennis  Space  Center, 
Mistissippi  39S29-5004. 
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EIGENANALYSIS  OF  BOTTOM 
REFLECTANCE  SPECTRA 


L.  Estep 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

An  eigenanalysis  is  performed  on  in  situ  bottom  reflectance  data  which  have  been 
computed  by  extrapolation  from  water  reflectance  data  as  a  function  of  depth  for  different 
sites.  It  is  established  that  99%  of  the  variation  seen  in  the  spectra  are  derived  from  the 
516nm  and  596nm  spectral  channels.  Data  on  the  sediments  and  a  statistical  test  in  the 
form  of  a  cluster  analysis  are  presented  to  check  the  robustness  of  the  results  for  application 
in  other  areas  besides  those  where  the  sediments  were  originally  collected. 


Sponsored  by  SPAWARS  under  the  Air  Defense  Initiative  and  Office  of  Naval  Research. 


Published  in  The  Hydrographic  Journal.  No.  62,  October  1991. 
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IMPACT  ON  THE  MEDIUM  MTF 
BY  MODEL  ESTIMATION  OF  B 


L.  Estep 
B.  Amone 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

The  objective  of  this  paper  is  to  utilize  Well’s  results  to  compute  the  medium  decay 
function  using  both  the  value  of  b  computed  with  the  above  mentioned  relationships  and 
exf)erimentally  determined  values  of  b.  The  resulting  decay  function  expressions  will  be 
compared  to  provide  a  measure  of  the  errors  introduced  by  using  the  various  estimation 
methods.  Finally,  comments  will  be  made  on  which  model  appears  to  provide  the  most 
accurate  estimation  of  b. 


Fimded  under  the  Optical  Properties  and  Laser  Backscatter  6.1  Project  funded  by  Office  of 
Naval  Research. 


Presented  at  SPIE,  San  Diego,  CA,  July  21-26,  1991. 
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BEAM  AND  DIFFUSE  OPTICAL  COEFFICIENTS  FROM 
LASER  BACKSCATTER: 

THEORY  AND  EXPERIMENT 

L  Estep 
J.  Kaufman 
R.  Araone 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

Experimental  work  on  the  correlation  of  optical  coefficients  to  laser  backscatter  have 
been  performed  to  provide  a  foundation  for  the  development  of  laser  based  optical 
oceanographer  instrumentation.  Results  of  these  correlations  with  the  beam  attenuation, 
absorption,  scattering,  and  diffuse  attenuation  coefficients  will  be  presented.  Also,  a 
comparison  of  the  experimental  data  with  salient  models  is  given. 


Sponsored  by  SPAWARS  under  the  Air  Defense  Initiative  and  Office  of  Naval  Research. 


Presented  at  IGARSS’91,  Espoo,  Finland,  June,  1991. 
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ESTIMATORS  OF  BOTTOM  REFLECTANCE  SPECTRA 

L  Estep 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 

J.  Holloway 

Naval  Coastal  Systems  Center 
Panama  City,  FL  32407 


Abstract 

Estimators  of  in  situ  bottom  spectral  reflectance  are  calculated  from  multi-station 
optical  field  data  gathered  with  standard  instrumentation  from  different  sites.  These  spectra 
are  then  compared  to  reflectance  spectra  measured  in  the  laboratory  of  the  bottom 
sediments  collected  in  the  field  for  the  stations  at  these  different  sites.  The  relative  fit  of 
the  estimated  spectral  curves  to  those  measured  in  the  laboratory  was  measured.  The  most 
accurate  absolute  estimation  was  provided  by  the  single  scattering  irradiance  model. 

Sponsored  by  the  Oceanographer  of  the  Navy,  OP-096. 

Published  in  the  International  Journal  of  Remote  Sensing.  April,  1991. 
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RESIDUAL  TOTAL  FIELD  MAGNETIC  ANOMALY  MAP 
OF  NOARL’S  MAGNETIC  OBSERVATORY 


C.  Estes 
W.  Avera 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 


The  purpose  of  this  survey  is  to  create  an  accurate  residual  magnetic  contour  map 
of  the  Magnetic  Observatory  area  at  Stennis  Space  Center.  Measurements  were  completed 
covering  the  observatory  grounds.  A  map  of  the  magnetic  residuals  is  presented. 

This  work  was  sponsored  by  the  Office  of  Naval  Research,  Program  Element  61153N. 

Published  as  NOARL  Technical  Note  125,  April  1991. 
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AN  AUTOMATIC  GENERAL  PURPOSE  LINEAR  FEATURE 
EXTRACTOR  FOR  DIGITAL  MULTISPECTRAL  IMAGERY 

T.  Fay 
V.  Miller 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

A  parallel  general  purpose  feature  detection  method  is  described  based  on  signal 
strength  (bright  thresholding)  and  connectedness.  The  method  is  based  upon  the  article 
Automatic  road  identification  and  labeling  in  Landsat  4  TM  images  by  J.  Ton,  A.  K.  Jain,  W. 
R.  Enslin,  and  W.  D.  Hudson  [2].  Conceptually,  it  is  useful  to  think  in  terms  of  road 
identification  in  an  image,  with  the  understanding  that  the  algorithm  is  helpful  in  identifying 
other  cultural  features  such  as  airport  runways,  docks,  jetties,  and  railway  lines.  Although 
many  road  detection  methods  are  available,  few  work  on  satellite  imagery  in  which  most 
roads  are  only  one  or  two  pixels  wide;  the  same  can  be  said  about  other  cultural  features 
in  such  imagery.  The  technique  consists  of  several  phases:  image  sharpening  which 
determines  a  most  likely  road  direction  a  magnitude  for  each  pixel;  seed  selection 
determining  those  pixels  most  likely  to  be  in  a  feature;  a  line  following  technique.  A 
multispectral  approach  and  a  slightly  improved  line  following  technique  are  employed  to 
obtain  an  improvement  over  the  algorithm  described  in  [2]. 


Sponsor:  This  work  was  supported  by  the  Office  of  Naval  Technology,  Program  Element 
#0602435N. 


Presented  at  MTS  ’91,  New  Orleans,  LA,  November  11-13,  1991. 
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UNDERWATER  MAGNETIC  SIGNATURE 
MEASURING  SYSTEM  (MAGMES) 


D.  Fraley 
W.  Avera 
T.  Kooney 
J.  Reynaud 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 


This  technical  note  documents  the  design  and  constructing  of  a  portable  underwater 
magnetic  field  signature  measuring  system  in  support  of  the  Navy  underwater  mine 
countermeasure  program.  The  system  will  be  used  to  measure  the  magnetic  signature  of 
divers,  small  cra^  and  motors  associated  with  underwater  mine  disposal. 

The  system  hardware  and  electrical  drawings,  software  listings,  general  maintenance 
procedures,  and  operating  guide  are  provided  in  the  form  of  the  System’s  Manual. 


Sponsored  by  the  Naval  Explosive  Ordnance  Disposal  Technical  Center  under  program 
element  #0604654N. 

Published  as  NOARL  Technical  Note  169,  September  1991. 
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COUPLING  REGIONAL  AND  GLOBAL  TIDE  MODELS 


J.  K-  Lewis 
G.  A-  Vayda 

Science  Applications  Int’l.  Corp. 

Long  Beach,  MS  39560 

Y.  LHsu 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

A  two-dimensional  numerical  model  was  used  to  study  appropriate  conditions  at  the 
open  boundaries  for  a  regional  model  forced  by  parameters  from  Schwiderski’s  (1981, 1983) 
global  tidal  model.  The  open  boundary  condition  of  Reid  and  Bodine  (1968)  was  applied 
to  regional  models  of  the  north-central  Gulf  of  Mexico  and  of  the  western  Florida  shelf. 
A  number  of  tests  were  conducted  to  determine  how  well  forcing  using  the  tidal  constants 
from  the  I'bcl®  Schwidersld  global  model  could  reproduce  the  Mj  and  Oj  tides  as  determined 
from  observations  and  the  15’xl5’  Gulf  of  Mexico  model  of  Reid  and  \^hiitaker  (1981).  The 
Reid  and  Bodine  formulation  was  quite  effective  in  driving  the  regional  models  while  still 
allowing  wave  energy  to  propagate  through  the  open  boundaries  and  out  of  the  model. 
Tests  with  one  open  boundary  of  the  north-central  Gulf  regional  model  having  just  a 
radiation  or  a  zero-gradient  ccondition  (but  no  tidal  forcing  for  either)  failed  to  reproduce 
the  known  tides.  Apparently  the  pure  radiation  or  zero-gradient  condition  along  one  open 
boundary  can  result  in  interior  solutions  to  the  tidal  forcing  which  can  be  quite  different 
from  the  actual  tides.  The  results  indicate  that  tidal  forcing  is  required  at  all  open 
boundaries  to  reproduce  observed  and  model-predicted  tidal  variations. 

The  western  Florida  shelf  is  known  to  resonate  with  the  Mj  tide.  Under  such 
circumstances,  the  bottom  friction  becomes  quite  important  in  obtaining  correct  predictions 
of  the  observed  tidal  amplitudes.  Several  bottom  friction  schemes  with  varying  drag 
coefficients  were  tested  for  both  the  central  Gulf  and  Florida  models.  The  results  are 
discussed  in  light  of  the  fact  that  we  seek  one  scheme  which  would  be  applicable  for  both 
resonant  and  non-resonant  situations. 


Sponsor  by  Chief  of  Naval  Technology  under  Program  Element  063704N. 


Presented  at  MTS’9l,  New  Orleans,  LA,  November  11-13,  1991. 
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OPEN  BOUNDARY  CONDITIONS  FOR 
A  COASTAL  TIDE  MODEL 


Y.  L  Hsu 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Steimis  Space  Center,  MS  39529-5004 

J.  IL  Lewis 
G.  A.  Vayda 

Science  Applications  Int’l.  Corp. 

Long  Beach,  MS  39560 

Abstract 

Both  offshore  and  cross-shelf  open  boundary  conditions  for  a  two-dimensional  coastal 
tide  model  were  evaluated.  The  tidal  forcing  was  provided  by  a  global  tide  model  of 
Schwiderski.  Various  radiation  boundary  conditions  were  used  to  determine  the  appropriate 
coupling  schemes  between  regional  and  ^obal  tide  models.  Radiation  condition  was  applied 
at  boundaries  to  allow  disturbances  generated  within  the  modeling  region  to  propagate  out 
as  free  progressive  waves.  Test  runs  were  conducted  for  both  semidiurnal  M2  and  diurnal 
01  tides  over  the  Northern  Gulf  of  Mexico  between  27°  N  and  30°  N.  Comparison  of 
cotidal  and  corange  charts  were  made  between  computed  results  and  Reid  and  Whitaker’s 
gulf  tide  model.  Computed  tidal  heights  were  compared  with  predicted  heights  from  tidal 
stations.  Among  various  coupling  schemes,  the  Reid  and  Bodine  formulation  of 
radiation/tidal  condition  when  applied  to  all  open  boimdaries  produced  the  best  agreement. 
Further  refinement  on  the  radiation  condition  constrained  by  the  global  tide  model  is  being 
evaluated. 


Sponsored  by  the  Office  of  Naval  Technology,  Program  Element  #62435N. 


Published  in  EOS  Trans..  AGU,  April  91,  Vol.  72,  No.  17,  Pg.  168. 
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MULTISPECTRAL  SOFTWARE  DEVELOPMENT  FOR  THE 
AIRBORNE  BATHYMETRIC  SURVEY  SYSTEM 


M.  Kalcic 
S.  Lingsch 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

The  Mapping,  Charting,  and  Geodesy  (MC&G)  Division  of  the  Naval  Oceanographic 
and  Atmospheric  Research  Laboratory’s  Ocean  Science  Directorate  is  the  primary  activity 
within  the  U.S.  Navy  for  conducting  research  and  development  in  direct  support  of  naval 
MC&G  requirements.  The  Mapping  Sciences  Branch  of  the  MC&G  Division  was  tasked 
to  develop  the  algorithms  and  software  necessary  to  process  data  and  to  produce  bathymetry 
from  the  multispectral  scanner  of  the  Airborne  Bathymetric  Survey  system  when  it  becomes 
fully  functional.  The  software  developed  for  this  system  is  called  the  Multispectral  Image 
Depth  Analysis  System,  or  MIDAS.  The  software  processes  multispectral  data  in 
conjunction  with  laser-or  boat-derived  soundings  to  produce  high-resolution  bathymetric 
grids.  The  system  is  designed  to  estimate  depths  in  clear,  shallow  coastal  waters  down  to 
20  m.  The  depth  accuracies,  derived  from  the  system  using  boat  soundings  for  control, 
ranged  from  0.3  m  to  1.4  m  in  waters  extending  to  3  m  and  10  m,  respectively.  The 
horizontal  positioning  accuracy  of  the  system  was  in  the  24-m  range,  as  determined  from  a 
ground  survey. 


Sponsor:  This  project  was  initially  funded  by  the  Defense  Mapping  Agency  under  Program 
Element  63701B,  with  final  funding  from  the  Chief  of  Naval  Operations  (CNO  OP-096) 
under  program  element  63704N. 

Published  as  NOARL  Report  17,  May  1991. 
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MILITARY  SPECIFICATION 

THE  NAVY  STANDARD  COMPRESSED  AERONAUTICAL 
CHART  (CAC)  DATABASE 


M.  Lohrenz 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 


These  specifications  are  designed  to  provide  guidelines  for  the  preparation  and  use 
of  Compressed  Aeronautical  Chart  (CAC)  data  to  support  various  weapons  and  mission 
support  systems.  CAC  data  are  designed  to  provide  support  data  and  computer  readable 
digital  images  of  hard-copy  graphic  products  for  naval  mission  planning  systems  and  digital 
moving  map  systems.  CAC  data  are  directly  derived  from  Equal  Arc  Second  Raster  Chart 
(ARC)  Digitized  Raster  Graphics  (ADRG)  data.  ADRG  is  first  transformed  from  the  ARC 
projection  system  into  the  Tesselated  Spheroid  (TS)  projection  system,  and  then  the  data 
is  compressed.  The  total  compression  ratio  achieved  in  processing  ADRG  data  into  CAC 
is  48:1. 


Sponsored  by  the  Naval  Air  Systems  Command,  AV-8B,  F/A-18,  V-22,  and  A-12  programs, 
under  program  elements  940101  (0604214N,  0604252N,  and  0604233N)  and  980101  (APN). 


Published  as  Special  Project  024:351:91,  August  1991. 
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COMPRESSION  OF  SCANNED  AERONAUTICAL  CHART  DATA 
IN  SUPPORT  OF  NAVAL  AIRCRAFT  DIGITAL  MOVING  MAP  SYSTEMS 


M.  Lohrenz 
H.  Rosche,  III 
M.  Trenchard 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 


The  Map  Data  Formatting  Facility  (MDFF),  located  at  the  Naval  Oceanographic  and 
Atmospheric  Research  Laboratory  (NOARL),  is  developing  a  global  database  of 
compressed,  scanned,  aeronautical  chart  images,  called  the  Compressed  Aeronautical  Chart 
(CAC)^  The  CAC  is  stored  as  a  library  of  Compact  Disk-Read  Only  Memory  (CD-ROM) 
optical  discs  which  are  being  distributed  by  the  Defense  Mapping  Agency  (DMA).  Six 
different  chart  scales,  ranging  from  1:50,000  to  1:2,000,000,  will  be  supported  in  the  CAC. 
The  primaiy  users  of  this  compressed  digital  chart  library  are  aircraft  mission  planning 
systems  and  digital  moving  map  systems,  including  those  for  the  AV-8B  Harrier,  F/A-18 
Hornet,  V-22  Osprey,  and  A- 12  Avenger  H.  The  MDFF  processes  raw  scaimed  chart  data 
(DMA’s  Arc  Digitized  Raster  Graphics  (ADRG))  by  first  transforming  the  data  from 
DMA’s  Equal  Arc  Second  Raster  Chart  (ARC)  map  projection  system  into  another 
projection  system,  known  as  the  Tessellated  Spheroid  (TS),  and  then  applying  two 
compression  algorithms  to  the  data.  The  final  compression  ratio  that  is  achieved  is  48:1. 

The  original  software  that  was  used  by  the  MDFF  to  compress  ADRG  into  CAC  was 
developed  by  a  government  contractor  and  is  proprietary,  although  the  contractor’s 
documentation  indicates  that  the  compression  techniques  are  based  on  a  form  of  vector 
quantization.  The  MDFF  project  does  not  have  access  to  the  source  code  for  the 
compression  algorithms  and,  therefore,  the  algorithms  cannot  be  used  on  any  computer 
system  except  that  for  which  they  were  written  (VAX/VMS).  In  August  of  1989,  the 
Oceanographer  of  the  Navy  (CNO  OP-096)  recommended  that  the  CAC  be  made  the  Navy 
Standard  for  compressed  aeronautical  chart  data.  For  this  to  be  realized,  it  was  important 
that  NOARL  be  able  to  provide  other  government  facilities  with  the  compression  algorithms 
that  are  used  to  create  CAC.  In  addition,  a  new  supercomputer  was  made  available  to 
NOARL  this  fall,  and  scientists  at  the  MDFF  were  interested  in  testing  the  compression 
software  on  this  new  platform  in  the  hopes  of  increasing  processing  speeds.  Without  the 
compression  source  code,  neither  of  these  goals  was  attainable. 
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Therefore,  in  the  spring  of  1990,  MDFF  computer  scientists  set  out  to  develop  a  new  suite 
of  data  compression  algorithms  that  would  produce  images  of  similar  or  superior  quality  to 
those  that  were  produced  with  the  original  software.  Existing  system  requirements  stipulated 
that  the  output  map  image  files,  color  palette  files,  and  decompression  tables  have  formats 
that  were  identical  to  the  original  output  files,  and  that  output  image  quality  be  comparable 
or  better.  This  paper  describes  the  compression  techniques  that  were  developed  and 
compares  the  resulting  CAC  image  data  with  the  data  that  is  being  produced  by  the  original, 
proprietary  software.  An  earlier  paper^,  which  was  presented  at  IEEE’s  PLANS’90 
Symposium,  provides  more  background  information  about  the  MDFF  project  and  the  CAC 
library.  The  new,  govenunent-developed  techniques  that  we  described  in  this  paper  for 
scanned  charts  may  be  applicable  to  other  types  of  image  data  as  well,  including 
remotely-sensed  multispectral  data,  gridded  bathymetric  data,  and  swaths  of  acoustic 
imagery. 

Sponsored  by  the  Naval  Air  Systems  Command  (NAVAIR)  and  has  been  funded  for  the 
past  four  years  by  the  AV-8B,  F/A-18,  A-12,  and  V-22  programs  under  Aircraft 
Procurement,  Navy  HICC,  program  elements  9410101  (64262N)  and  980101  (APN). 


Presented  at  IEEE,  Snowbird,  Utah,  April  8-11,  1991. 
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GEOMAGNETIC  JERKS  AND  TEMPORAL  VARUTION 


M.  G.  McLeod 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

Geomagnetic  temporal  variations,  or  time  variations  of  Earth’s  magnetic  field,  cover 
a  wide  spectrum  extending  over  more  than  20  orders  of  magnitude  in  frequency.  The 
spectrum  extends  fi'om  frequencies  greater  than  1000  Hz  to  periods  of  more  than  100 
million  years.  Sources  of  the  geomagnetic  field  and  its  time  variations  are  electric  currents 
located  both  internal  and  external  to  the  surface  of  the  Earth.  The  major  portion  of  this 
review  deals  with  the  period  range  1  year  to  several  hundred  years. 


Sponsored  by  the  Office  of  Naval  Research. 

Published  in  the  Encyclopedia  of  Earth  System  Science.  Volume  2,  September  1991. 
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NOISE  AND  EXTERNAL  SOURCE  HELDS  IN 
MAGNETIC  OBSERVATORY  ANNUAL  MEANS 

M.  G.  McLeod 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

Noise  and  external  source  fields  can  be  observed  in  all  day  annual  means  of  vector 
magnetic  field  components  measured  at  magnetic  observatories.  Data  are  for  the  time 
interval  1910-1983  and  the  observatories  are  widely  distributed  about  Earth.  A  principal 
objective  of  the  reported  research  has  been  separation  of  fields  of  internal  origin  from  fields 
of  external  origin  and  from  noise. 

A  spherical  harmonic  model  has  been  fit  to  first  differences  of  the  magnetic 
observatory  annual  means.  The  method  of  stochastic  inversion  was  used  to  determine 
spherical  harmonic  coefficients  from  observatory  data  weighted  with  estimated  rms  errors 
for  each  field  component  at  each  observatory. 

Nearly  all  time  variation  due  to  external  sources  in  first  differences  of  annual  means 
of  observatory  data  can  be  modeled  by  odd  degree  zonal  spherical  harmonics  in 
geomagnetic  coordinates.  The  largest  component  due  to  external  sources  is  of  degree-one 
and  has  an  rms  value  of  7.0  nT/yr.  The  induced  internal  source  field  due  to  time  variations 
of  the  external  sources  is  consistent  with  a  conducting  core  and  insulating  mantle  for  the 
Earth. 


Noise  in  observatory  aimual  means  first  differences  is  approximately  white  with  an 
rms  value  of  2  nT/yr  for  each  field  component  at  a  typical  observatory  for  the  time  interval 
1961-1983.  Noise  rms  values  vary  form  0.5  nT/yr  to  30  nT/yr  at  different  observatories  and 
were  generally  larger  for  years  prior  to  1960. 


Sponsored  by  the  Office  of  Naval  Research. 


Presented  at  the  AGU  Spring  Meeting.  Baltimore,  MD,  May  28,  1991. 
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EXTERNAL  SOURCE  FIELDS  IN 
MAGNETIC  OBSERVATORY  ANNUAL  MEANS 


M.  G.  McLeod 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

Fields  due  to  external  sources  can  be  observed  in  all  day  annual  means  of  vector 
magnetic  field  components  measured  at  magnetic  observatories.  Data  are  for  time  interval 
1910-1983  and  the  observatories  are  widely  distributed  about  Earth.  A  principal  objective 
of  the  reported  research  has  been  separation  of  fields  of  internal  origin  firom  fields  of 
external  origin  and  from  noise. 

A  spherical  harmonic  model  has  been  fit  to  first  differences  of  magnetic  observatory 
armual  means.  The  method  of  stochastic  inversion  was  used  to  determine  spherical 
harmonic  coefficients  from  observatory  data  weighted  with  estimated  rms  errors  for  each 
field  component  at  each  observatory. 

Nearly  all  time  variation  due  to  external  sources  in  first  differences  of  armual  means 
of  observatory  data  can  be  modeled  by  odd  degree  zonal  spherical  harmonics  in 
geomagnetic  coordinates.  The  largest  component  due  to  external  sources  is  of  degree-one 
and  has  rms  value  of  7.0  nT/year.  The  induced  internal  sources  field  due  to  time  variations 
of  the  external  sources  is  consistent  with  a  conducting  core  and  insulating  mantle  for  the 
Earth.  The  annual  mean  field  due  to  external  sources  can  charge  by  as  much  as  13  nT  in 
a  single  year  and  by  over  20  nT  in  a  two  year  period. 


Sponsored  by  the  Office  of  Naval  Research. 


Published  in  proceedings  from  the  Twentieth  General  Assembly  of  the  International  Union 
of  Geodesy  and  Geophysics,  Vienna,  Austria,  August  1991. 
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MULTISPECTRAL  BATHYMETRY  PROGRAMS: 
A  USERS  GUIDE 


H.  V.  MiUer 
T.  Green-Douglas 
C.  Walker 
R.  K.  Clark 
T,  Fay 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

The  Naval  Oceanographic  and  Atmospheric  Research  Laboratory,  the  Navy’s  lead 
laboratory  in  mapping,  charting,  and  geodesy,  is  currently  investigating  the  use  of  remotely 
sensed  multispectral  imagery  as  an  accurate  source  for  computing  coastal-zone  bathymetry. 
Because  the  Navy  supports  amphibious  operations,  special  warfare,  and  coastal  hydrographic 
surveying,  knowledge  of  near-shore  features  is  essential.  The  widespread  availability, 
temporal  sensitivity,  and  almost  complete  global  coverage  of  most  satellites’  imagery  make 
it  an  ideal  way  to  coUect  water  depth  information  from  areas  of  limited  or  denied  standard 
access.  Bathymetry  computations  are  done  through  software  designed  specifically  for  the 
ongoing  research  in  this  field.  The  software  applications  and  abilities  are  discussed  in  this 
technical  note. 


Sponsored  by  the  Office  of  Naval  Technology  Program  Element  62435N. 


Published  as  NOARL  Technical  Note  95,  January  1991. 


47 


(Mozley) 


AIRBORNE  ELECTROMAGNETIC  TECHNOLOGY 


E.  Mozley 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

NOARL  has  been  developing  advanced  airborne  electromagnetic  (AEM)  methods 
in  conjunction  with  Geophex,  Inc.,  Right  by  Design,  Inc.  and  Lawrence  Berkeley  laboratory 
over  the  last  six  years.  A  major  thrust  of  this  effort  was  to  implement  a  broad  band  system 
using  the  latest  solid  state  components.  The  results  of  this  effort  resulted  in  a  digitally 
controlled  system  that  can  operate  at  multiple  frequencies  simultaneously  and  generate 
moments  of  1600  A-m^  at  frequencies  as  low  as  90  Hertz.  The  transmitter  is  designed  such 
that  it  can  generate  an  arbitrary  time  vaiying  current  of  as  much  as  40  Amps. 

This  System  has  been  tested  on  two  Navy  platforms  (SH-3  &  RH-53  helicopters)  and 
has  successfully  conducted  surveys  that  resulted  in  a  validated  root  mean  squared  accuracy 
in  water  depths  of  two  feet  over  a  range  of  0  to  60  feet.  The  system  noise  sources  have 
been  identified  and  appropriate  design  changes  have  been  initiated.  The  source  of  the 
dominate  noise  component  in  the  system  is  mechanical  motion  or  vibration  of  the  tow  body. 
Methods  to  minimize  this  problem  have  been  developed  but  require  additional  air  tests  to 
validate  their  effectiveness. 

Interpretation  and  modeling  algorithms  have  been  developed  to  identify  one 
dimensional  variations  (Parameters  vary  in  depth  onl>)  and  to  identify  areas  that  are 
characterized  by  rapid  spatial  variations  (2-D  &  3-D). 


Sponsor:  Office  of  Naval  Technology. 


Abstract  for  the  Electromagnetics  Symposium,  Laurel,  MD,  May  29-30, 1991. 
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KINGS  BAY  AIRBORNE  ELECTROMAGNETIC  SURVEY 


Edward  Mozley 
Timothy  Kooney 
David  Byman 
Daniel  Fraley 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

The  airborne  hydrography  survey  conducted  using  the  Naval  Oceanographic  and 
Atmospheric  Research  Laboratory’s  new  generation  electromagnetic  sensor  system  at  Kings 
Bay  has  verified  that  this  technology  provides  a  viable  means  to  remotely  survey  coastal 
zones.  In  addition  to  water  depth,  the  field  test  clearly  indicated  that  the  system  was 
capable  of  rapidly  mapping  water  and  sediment  conductivities.  Thus,  the  technique  provides 
the  Navy  with  a  potent  tool  to  remotely  measure  multiple  oceanographic  and  geotechnical 
parameters  that  can  impact  mine  warfare  and  amphibious  operations. 


Sponsored  by  Chief  of  Naval  Operations  (OP-0%)  under  Program  Element  63704N. 


Submitted  as  a  Special  Project  to  sponsor. 
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SURVEY  TECHNOLOGY 


E.  Mozley 
T.  Kooney 
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D.  Fraley 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

An  advanced  airborne  electromagnetic  (AEM)  hydrographic  system  was  developed 
along  the  Atlantic  Coast  in  southern  Georgia  to  chart  water  depths  and  map  variations  in 
sea  floor  sediments.  The  survey  consisted  of  three  helicopter  sorties  and  resulted  in  the 
acquisition  of  AEM  data  that  had  the  same  area  coverage  as  two  high  density  acoustic 
surveys.  In  addition,  in-situ  water  temperature  and  conductivity  easurements  were 
acquired  over  the  tidal  cycle  in  the  survey  area.  These  data  sets  provided  the  necessary 
information  required  to  evaluate  the  capabilities  of  the  new  AEM  technology. 

The  interpretation  of  the  AEM  survey  indicated  that  the  inferred  water  conductivities 
agreed  with  in-situ  measurements  to  an  accuratty  of  0.1  Siemens/meter.  The  root  mean 
square  (RMS)  difference  in  water  depths  that  was  provided  by  the  AEM  measurements 
minus  the  acoustic  reference  measurements  was  less  than  two  feet  Seafloor  conductivities 
were  spatially  coherent  and  provided  realistic  formation  factors  ranging  from  3.2  to  9  J. 

The  results  provided  by  this  airborne  hydrographic  survey  have  verified  that  this 
technology  provides  a  viable  means  to  remotely  survey  coastal  zones.  In  addition  to  water 
depth,  the  field  test  clearly  indicated  that  the  system  was  capable  of  rapidly  mapping  water 
and  sediment  conductivities.  Thus,  the  technique  provides  an  important  tool  to  remotely 
measure  multiple  oceanographic  and  geotechnical  parameters. 


Sponsored  by  the  Chief  of  Naval  Operations  (OP-096)  and  the  Office  of  Naval  Technology. 


Presented  at  SEG  1991  Annual  Meeting,  May  1991. 
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Stennis  Space  Center,  MS  39529-5004 


Abstract 

The  airborne  electromagnetic  system  (AEM)  system  provides  the  Navy  with  an 
innovative  means  to  measure  shallow  water  depths  and  electrical  conductivity  from  a 
helicopter  at  air  speeds  of  85  knots.  This  technology  provides  a  means  that  is  independent 
of  sea  state  to  acquire  a  "quick  look"  at  a  hydrographic  setting.  This  method  would  be  very 
useful  as  a  reconnaissance  tool  to  both  monitor  water  depths  under  conditions  which  do  not 
permit  acoustic  measurement^:  and  to  efficiently  plan  and  implement  acoustic  surveys. 

A  major  advantage  of  this  technology  is  that  it  is  flexible  enough  to  operate  in 
shallow  water  areas  ranging  from  the  beach  through  water  depths  in  excess  of  30  meters. 
The  AEM  system  can  map  bathymetry  through  ice  and  in  silt  laden  water  with  poor  optical 
characteristics  (turbid).  The  ability  to  measure  soil  conductivity  to  depths  of  several  meters 
provided  a  remote  means  to  map  soil  moisture  characteristics  in  the  subsurface  through  the 
beach  zone.  In  addition,  the  ability  to  measure  sea  floor  conductivities  in  the  surf  zone 
provides  a  means  to  map  variations  in  sedimentary  porosities. 


Sponsored  by  CNO  OP-096  under  Program  Element  63704N. 


Presented  at  the  U.S.  Environmental  Protection  Agency,  Environmental  Monitoring  Systems 
Laboratory,  Las  Vegas,  NV,  February  25-28-1991. 
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The  Naval  Oceanographic  and  Atmospheric  Research  Laboratory  (NOARL)  in 
conjunction  with  Geophex,  Ltd.  and  Right  By  Design  Inc.  developed  and  tested  an  advanced 
wide  band  airborne  electromagnetic  (AEM)  system  that  was  designed  to  measure  water 
depths  in  shallow  coastal  environments.  The  system  utilizes  high  power  MOSFET 
components  configured  in  a  H-bridge  mode  to  digitally  convert  500  volts  DC  power  into  an 
arbitrary  time  varying  current  through  a  transmitter  loop.  The  system  can  generate 
moments  of  1600  Amp-m"  over  the  operational  band  that  ranges  from  90  to  5000  Hertz. 
The  system  is  currently  configured  to  operate  at  three  selectable  frequencies  simultaneously 
and  has  very  stable  system  characteristics.  The  baseline  drift  of  this  system  is  less  than  15 
ppm/hour.  The  system  noise,  which  when  averaged  over  5  samples  or  a  1/6  second  time 
window,  varies  as  a  function  of  frequency  but  a  representative  peak  value  in  the  low 
frequency  range  is  2.5  ppm  over  +  /-15  Hertz  triangular  window  centered  at  150  Hertz. 

The  advanced  AEM  system  was  evaluated  over  the  entrance  channel  in  Kings  Bay, 
GA  to  chart  water  depths  and  map  variations  in  sea  floor  sediments.  The  survey  consisted 
of  three  helicopter  sorties  and  resulted  in  the  acquisition  of  a  set  of  high  quality  data  that 
had  the  same  areal  coverage  as  two  high  density  acoustic  surveys.  In  addition  water 
temperature  and  conductivity  measurements  were  acquired  along  the  surveyed  channel 
throughout  the  tidal  cycle.  These  data  sets  provided  the  necessary  information  that  resulted 
in  a  quantitative  evaluation  of  the  performance  of  this  technology. 

The  interpretation  of  the  AEM  data  indicated  that  the  inferred  water  conductivities 
agreed  with  in-situ  measurements  to  an  accuracy  of  0.1  Siemens/meter.  The  average  water 
depths,  which  were  provided  by  the  AEM  system  along  the  5300  foot  survey  lines,  deviated 
from  the  acoustic  data  by  a  RMS  value  of  two  feet.  Seafloor  conductivities  were  spatially 
coherent  and  provided  realistic  formation  factors  ranging  from  3  to  13  that  should 
correspond  to  variation  in  bottom  material  ranging  from  a  clean  consolidated  sand  to  a 
poorly  consolidated  clay  or  silt. 
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MDFFHELP:  LIBRARY: 
ON-LINE  DOCUMENTATION  FOR 
THE  MAP  DATA  FORMATTING  FACILITY 


S.  Myrick 

Naval  Oceanographic  and  Atmospheric  Research  Laboratoiy 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

The  purpose  of  this  document  is  to  describe  on-line  documentation  for  NOARL’s 
Map  Data  Formatting  Facility  (MDFF).  The  MDFF  utilizes  Digital  Equipment  Corporation 
computers  to  process  several  types  of  data  including  Compressed  Aeronauticad  Chart, 
Compressed  Nautical  Chart,  and  Digital  Landmass  System.  Using  DEC  software  utilities, 
on-line  documentation  has  been  developed  that  provides  information  pertaining  to  the 
processing  and  compression  of  these  data  types  and  to  other  topics  that  are  specific  to  the 
MDFF. 


Sponsor:  The  MDFF  project  is  funded  by  the  Naval  Air  Systems  Command,  offices  of  the 
AV-8B  (program  element  64214),  F/A-18  (APN),  V-22  (program  element  64262)  and  A-X 
(program  element  64233)  programs. 


Published  as  NOARL  Technical  Note  211. 
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DATA  BASE  DESIGN  DOCUMENT  FOR  THE 
DIGITAL  MAP  COMPUTER  SOFTWARE 
IN  THE  A-12  DIGITAL  MAP  SET 


S.  Myrick 
M.  Lohrenz 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

The  purpose  of  this  Data  Base  Design  Document  is  to  describe  the  content  and 
format  of  the  A-12  Digital  Map  Set  Data  Base  (Harris  document  number  801979)  as  seen 
by  the  A-12  Digital  Map  Computer,  Computer  Software  Configuration  Item,  (Harris 
document  number  801970)  of  the  Digital  Map  Set  (Harris  document  number  174514) 
System.  The  A-12  Digital  Map  Set  Data  Base  also  contains  files  that  have  previously 
defined  by  McDonnell  Douglas;  therefore,  this  document  does  not  describe  those  files  in 
detail.  Modification  of  this  document  is  part  of  a  NOARL  effort  to  provide  the  Fleet  with 
documentation  and  mapping  products  that  comply  with  Navy  standards. 


Sponsor:  Funded  by  the  Naval  Air  Systems  Command  under  Program  Element  94010 
(0604233N). 

Published  as  NOARL  Technical  Note  162,  August  1991. 
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BACK  PROPAGATION  NEURAL  NETWORKS  FOR  BATHYMETRY 
MODELING  USING  MULTISPECTRAL  DATA 


H.  Rosche  m 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Absiragt 

This  presentation  describes  the  methods  and  results  of  attempts  to  model  bathymetry 
data  using  back-propagation  neural  networks.  Water  depths  are  taken  from  charts 
calibrated  to  the  nearest  fathom  and  converted  to  meters.  L^dsat  Thematic  mapper  data 
is  assigned  to  these  depth  values  to  serve  as  the  raw  data.  The  raw  data  is  then  split  into 
two  groups.  The  first  group  serves  as  the  training  set  for  the  neural  network.  The  second 
set,  which  serves  as  the  control  set,  is  held  aside  as  a  means  of  determining  whether  the 
network  learned  the  depth  functions  or  just  memorized  the  initial  data.  Results  and 
structures  are  briefly  described  in  these  session  notes. 


Sponsored  by  the  Naval  Air  Systems  Command,  Program  Element  #94010. 

Presented  at  U.S.  DECUS  1991  Spring  Atlanta  Symposium,  Atlanta,  GA,  May  6-10,  1991. 
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IMAGE  COLOR  REDUCTION  AND  ITS  APPLICATIONS 

TO  DIGITAL  DATA 

H.  Rosche  III 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 


Many  image  applications  today  require  the  display  of  digital  data  with  more  bits  than 
are  available  on  the  display  hardware.  Whether  this  data  is  8-bits  of  red,  green  and  blue 
(24-bit)  or  a  color  compressed  data  set  where  eight  bits  serve  as  an  index  into  a  color 
palette  both  may  benefit  from  color  reduction.  Within  red,  green  and  blue  space  there  are 
more  than  16  million  possible  colors.  However,  the  human  eye  can  perceive  only  about 
350,000  distinct  colors.  Using  this  information,  image  colors  may  be  compared  to  the  other 
colors  in  the  image  and  those  that  are  sufficiently  close  and  of  the  same  hue  may  be 
removed  and  replaced  with  their  counterpart.  The  advantage  of  this  approach  has  several 
possibilities.  When  using  PCs  with  limited  color  capabilities  (16  to  256  colors)  this  allows 
more  colors  to  be  chosen  producing  a  better  image  with  less  color  information  loss.  If  the 
image  is  to  be  compressed  by  some  method  then  having  less  colors  in  the  image  results  in 
a  higher  degree  of  compression  and  less  storage  space.  Finally,  considerations  governing 
color  distance  criteria  and  hue  boundary  exceptions  are  covered. 


Sponsor:  This  work  was  sponsored  by  NAVAIR  and  is  funded  by  the  AV-8B,  F/A-18,  V-22, 
and  A- 12  programs  under  Aircraft  Procurement,  Navv  HICC,  program  elements  9410101 
(64262N)  and  980101  (APN). 


Presented  at  the  U.S.  DECUS  1991  Spring  Atlanta  Symposium,  Atlanta,  GA,  May  1991. 
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DIGITAL  DATA  COMPRESSION  USING  VECTOR  QUANTIZATION 
AND  DOUBLE  COLOR  SPACE  NORMALIZATION 


H.  Rosche  HI 
M.  Lohrenz 
M.  Trenchard 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

The  Naval  Oceanographic  and  Atmospheric  Research  Laboratory’s  (NOARL)  Map 
Data  Formatting  Facility  (MDFF)  is  developing  improved  methods  of  compressing  full-color 
(24-bit)  aeronautical  chart  images.  The  original  MDFF  compression  method  consists  of  two 
stages.  In  the  first  stage,  color  compression,  the  240  most  representative  colors  in  an  image 
are  identified  and  entered  in  an  8-bit  color  lookup  table.  Each  24-bit  pixel  (8  bits  each  of 
red,  green,  and  blue)  in  the  image  is  then  replaced  with  one  of  the  8-bit  values  in  the  table, 
for  a  compression  of  3:1.  In  the  second  stage,  the  image  is  spatially  compressed  by  replacing 
each  non-overlapping  square  of  2x2  pixels  with  a  1-byte  codeword,  for  an  additional  4:1 
compression.  A  total  of  256  codewords  are  stored  with  their  four  corresponding  pixel  values 
in  a  codebook  file.  This  paper  describes  a  new  method  in  which  4x4  pixel  sets  (rather  than 
the  original  2x2  pixel  sets)  are  replaced  by  codewords  in  the  spatial  compression  stage, 
achieving  an  8:1  compression.  The  first  stage  of  color  compression  remains  the  same.  This 
new  method  achieves  a  total  compression  ration  of  48:1  (3:1  color  and  16:1  spatial)  when 
using  8-bit  codebook  lookup  values  or  24:1  (3:1  color  and  8:1  spatial)  when  using  16-bit 
codebook  lookup  values. 


Sponsor:  This  work  is  sponsored  by  the  Naval  Air  Systems  Command  and  funded  by  the 
AV-8B,  F/A-18,  V-22,  and  A-12  programs  under  Aircraft  Procurement,  Navy  HICC, 
program  elements  9410101  (64262N)  and  980101  (APN). 


Presented  at  the  IEEE  Data  Compression  Conference,  Snowbird,  Utah,  April  8-11,  1991. 
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M.  Oawson 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
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Abstract 

During  1991  an  extensive  digital  MC&G  (dMC&G)  requirements  study  was 
conducted  by  NOARL  in  order  to  accurately  portray  current  and  projected  Navy  usage  of 
dMC&G.  C^er  100  programs  responded  to  a  distributed  questionnaire.  An  analysis  of  the 
collected  data  is  presented  with  an  emphasis  on  the  following  areas:  current  Navy  dMC&G 
usage  of  existing  DMA  and  non-DMA  products,  contractor  involvement,  simulators  and 
trainers,  government-owned  and  available  dMC&G  product  software,  state  of  the  formal 
requirements  process,  lessons  learned  from  Operation  Desert  Storm,  and  detected  dMC&G 
pr^uct  deficiencies.  Some  key  findings  from  this  analysis  include:  contractors  are 
performing  more  dMC&G  product  modifications  than  government  agencies,  many  dMC&G 
requirements  are  not  being  addressed  early  on  in  the  program  life  cycle  through  the 
acquisition  process,  and  162  available  software  routines  that  are  used  on  dMC&G  products 
have  been  identified. 


Sponsored  by  the  Oceanographer  of  the  Navy  under  Program  Element  63704N. 


Presented  at  the  DoD  MC&G  Conference,  Washington,  DC,  October  1991. 
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Abstract 

NOARL  conducted  an  extensive  digital  Mapping,  Charting  and  Geodesy  (dMC&G) 
requirements  study  (1991)  in  order  to  accurately  portray  current  and  projected  Navy  usage 
of  dMC&G  products.  Over  100  programs  responded  to  a  distributed  questionnaire,  and 
provided  detailed  information  about  their  use  of  dMC&G  products.  This  document  presents 
a  summary  of  the  collected  data.  A  comi.iete  analysis  of  the  data,  along  with 
recommendations  to  improve  the  Navy’s  usage  of  dMC&G,  will  be  performed  in  a  detailed 
follow-on  report. 


Sponsored  by  the  Oceanographer  of  the  Navy  under  Program  Element  63704N  within  the 
DMAP  program. 


Published  as  NOARL  Technical  Note  197,  November  1991. 
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G.  Terrie 
R.  Amone 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 
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Abstract 

A  model  has  been  developed  which  calculates  the  monthly  total  smface  solar 
irradiance  incident  at  the  ocean  surface.  The  model  assimilates  the  Total  Ozone  Mapping 
Spectrometer  (TOMS)  database  and  the  Coastal  Zone  Color  Scaimer  (CZCS)  Goddard  20 
l6n  database  for  determination  of  the  ozone  optical  thickness  and  aerosol  optical  thickness. 
The  model  determines  the  spectral  (400  -  700  nanometer)  solar  transmission  through  the 
atmosphere  accounting  for  rayleigh  scattering  (T,),  ozone  (T^)  and  aerosol  (T,)  thicknesses, 
and  water  vapor  (T,^). 

The  TOMS  database,  which  provides  a  daily  ozone  distribution  for  each  ocean 
location,  is  monthly  averaged  to  determine  the  ozone  optical  thickness.  Additionally,  the 
mean  monthly  radiance,  La670  from  the  CZCS  database,  represents  an  estimate  of  the 
atmospheric  aerosol  thickness  for  each  location.  These  average  monthly  atmospheric 
transmission  parameters  are  computed  with  the  time  of  day  and  the  solar  zenith  angle  to 
define  the  diffuse  and  vector  surface  solar  irradiance  at  490  nanometer  wavelength.  The 
calculations  are  repeated  for  a  24  hour  day  to  determine  monthly  composite  images  of  the 
solar  irradiance  wUch  are  coincident  with  the  CZCS  bio-optical  composites. 

Model  results  over  the  North  Atlantic  region  for  1979  are  presented.  Monthly  and 
seasonal  changes  in  the  solar  irradiance  are  clearly  evident.  The  solar  irradiance  is  shown 
to  be  significantly  influenced  by  the  aerosol  concentrations.  Estimates  of  the  temporal  and 
spatial  variability  of  the  solar  irradiances  are  influential  on  the  biological  processes  occurring 
in  the  surface  ocean. 


Sponsored  by  the  Oceanographer  of  the  Navy,  Program  Element  #63704N. 
Presented  at  the  AGU  Spring  Meeting,  Baltimore,  MD,  May  1991. 
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Abstract 

An  atmospheric  model  has  been  developed  which  calculates  the  monthly  total  surface 
solar  irradiance  incident  at  the  ocean  surface.  Monthly  model  results  over  the  North 
Atlantic  region  for  1979  illustrate  significant  spatial  variabUity  of  the  solar  irradiance.  Solar 
irradiance  is  shown  to  be  significantly  influenced  by  cloud  cover  and  aerosol  concentration 
and,  to  a  lesser  extent,  by  ozone  concentration.  Estimates  of  this  climatic  variability  of  the 
solar  irradiances  are  influential  on  the  global  biological  processes  occurring  at  the  ocean 
surface. 

The  model  assimilates  the  mean  monthly  Total  Ozone  Mapping  Spectrometer 
(TOMS)  database,  the  Coastal  Zone  Color  Scanner  (CZCS)  database,  and  an  Air  Force 
cloud  cover  climatic  database  for  determination  of  ozone  optical  thickness,  aerosol  optical 
thickness,  and  percent  cloud  cover,  respectively.  The  model  first  computes  the  clear  sky 
irradiance  at  490  nanometers  (nm)  at  the  sea  surface,  at  hourly  time  steps,  for  a  one  month 
period  accounting  for  Rayleigh  scattering,  ozone  and  aerosol  thicknesses,  and  water  vapor 
and  uniform  gas  concentrations.  The  irradiance  is  then  corrected  for  cloud  cover. 


Sponsored  by  Space  and  Naval  Warfare  Systems  Command. 
Presented  at  MTS  *91.  November  11-13,  1991,  New  Orleans,  LA 
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Abstract 


The  emergence  of  computerized  mission  planning  systems  (MPS)  and  airborne  digital 
moving  map  systems  (DMS)  has  necessitated  the  development  of  a  global  database  of  raster 
aeronautical  chart  data  specifically  designed  for  input  to  these  systems.  The  Naval 
Oceanographic  and  Atmospheric  Research  Laboratory’s  (NOARL)  Map  Data  Formatting 
Facility  (MDFF)  is  presently  dedicated  to  supporting  these  avionic  display  systems  with  the 
development  of  the  Compressed  Aeronautic^  Chart  (CAC)  database  and  development  of 
aircraft-specific,  Write-Once,  Read  Many  (WORM)  optical  disks.  NOARL  has  also  initiated 
a  comprehensive  research  program  aimed  at  improving  the  pilots’  moving  map  displays; 
cairrent  research  efforts  include  the  development  of  an  alternate  image  compression 
technique  and  generation  of  a  standard  set  of  color  palettes. 

The  CAC  database  will  provide  digital  aeronautical  chart  data  in  six  different  scales. 
CAC  is  derived  from  the  Defense  Mapping  Agency’s  (DMA)  Equal  Arc-second  (ARC) 
Digitized  Raster  Graphics  (ADRG),  a  series  of  scanned  aeronautical  charts.  NOARL 
processes  ADRG  to  tailor  the  chart  image  resolution  to  that  of  the  DMS  display  while 
reducing  storage  requirements  through  image  compression  techniques.  CAC  is  being 
distributed  by  the  DMA  as  a  library  of  CDROMs. 


Sponsor:  This  work  was  sponsored  by  the  Naval  Air  Systems  Command  (NAVAIR)  and  is 
funded  by  the  AV-8B,  F/A-18,  V-22,  and  A- 12  programs  under  Aircraft  Procurement,  Navy 
HICC,  program  elements  9410101  (64262N)  and  980101  (APN). 


Presented  at  the  1991  SPIE/SPSE  Symposium  on  Electronic  Imaging  Science  and 
Technology,  San  Jose,  CA,  24  February  -  1  March  1991. 


68 


DMA  Stock  No;  ACNxiffPCxxOaOSA  (Ed.  2) 


(Trenchard) 


Trenchard,  Riedlinger.  k. 
Myrick.  Lohrenz,  Wxschow 


Rosche : 


COMPRESSED  AERONAUTICAL 
CHART  DATA 


Approximate 
Geographic  Coverage: 
<W00'N  to  8*00’S 
23*00'E  to  65*00' E 


c 


Processed  by;  1 
Naval  Oceanographic  and  | 
Atmospheric  Research  Lab 
I  Map  Data  Formatting 
Facility 

Stennis  Space  Center,  MS  j 
39529-5004 


NOARL  Library  No;  ^ 
CD-1991-BMAP3-10002 
DMA  Stock  No; 
ACNxxrPCxx0309A  (Ed.  2) 


Projection:  Tessellated 
Spheroid-IV  , 
Scale;  1:500,000  A 


Distribution  autliorized  to  the  Department  of  Defense  and  DoO  contractors  only 
in  order  to  protect  foreign  government  iniormation  and/or  critical  technology  j 

\in  an  area  of  significant  or  potentially  significant  military  application,  ^ 
determined  May  1989.  Other  requests  shall  be  referred  to: 

Defense  Mapping  Agency,  Combat  Support 
V  Center  (attn:  PMSR).  Washington, 

\  DC  20315-0010 


location  diagram 


23®E 

44®Nr3 


I  'ink  ifinnmiTSi^*“'^V- 1  ^  ^ 
jeiYPTVk  KWAII ' 

i  j;;; - '^^UOl  ARABIA  '  / 


SUDAN 


ARABIAN 

SEA 


f  /NOIAN  O 


goSL—ii - - - S-T 

23^ 

NOABL  Ubrary  No:  I??  ,1 

DMA  Stock  No:  ACNxxTPCxxOSOSA  (Ed.  2) 

Scale;  1:500,000 


69 


vnnnfn^iriN-a-tSSl-QO  =«»N  AtetqnTg^ 


(Walker) 


EFFECTS  OF  FINITE  SPECTRAL  BANDWIDTH 

IN 

MULTISPECTRAL  OPTICAL  BATHYMETRY 


C  Walker 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 


Optical,  multispectral  remote  sensing  data  from  satellite  and  aircraft  can  be  used  to 
determine  depths  in  shallow,  clear  waters.  The  physical  principle  used  to  calculate  depths 
from  received  irradiances  is  based  on  the  exponential  attenuation  of  the  light  as  a  function 
of  distance  travelled  through  the  water  and  the  reflectivity  of  the  bottom,  both  as  a  function 
of  wavelength.  An  underlying,  often  unstated,  assumption  made  is  that  the  variation  of 
attenuation  and  bottom  reflectivity  across  a  sensor  spectral  band  (typically  60  to  80 
nanometers  for  Landsat  Thematic  Mapper)  can  be  ignored  and  that  the  irradiance 
measurement  is  valid  at  the  band  center.  A  more  realistic  simple  model  for  a  finite 
bandwidth  sensor  is  derived  in  this  paper  using  a  piece-wise  linear  approximation.  Using 
this  model  the  limitations  of  conventional  log-linear  regression  models  for  multispectral 
bathymetry  are  investigated.  The  primary  conclusion  is  that  for  typical  expected  variations 
in  attenuation  and  reflectivity  as  a  function  of  wavelength,  a  multiband,  log-linear  regression 
model  can  be  used  for  bathymetry  calculations.  However,  straight-forward  identification  of 
the  physical  parameters  (attenuation  coefficient,  bottom  reflectivity)  is  valid. 

Sponsor:  Office  of  Naval  Technology. 

Presented  at  MTS  ’91,  New  Orleans,  LA,  November  11-13,  1991. 
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MULTISPECTRAL  IMAGERY  SUPPORT 

FOR 

LOCATION  OF  HAZARDS  TO  NAVIGATION 

C.  Walker 
M.  Kalcic 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 

B.  Ray 

Planning  Systems  Incorporated 
SUdeU,  LA  70458 


Abstract 

The  purpose  of  this  task  was  to  support  a  NAVOCEANO  hydrographic  survey  in  the 
Persian  Gulf  by  providing  multispectral  imagery  (MSI)  data  for  use  in  the  detection  of 
navigational  hazards  and  to  determine  the  use^lness  of  such  products  in  future  surveys. 
NAVOCEANO  requested  NOARL  produce  a  chart  based  on  MSI  from  LANDSAT 
thematic  mapper  (TM)  satellite  data  of  the  Persian  Gulf  area  north  of  the  United  Arab 
Emirates  in  the  vicinity  of  Jazirat  Dalma  for  technology  demonstration  and  evaluation. 

The  development  of  an  MSI  chart  was  divided  into  three  stages.  The  first  stage  was 
to  obtain  and  process  raw  satellite  imagery  of  the  desired  operating  area.  This  was  done 
with  the  ERDAS  image  processing  system  using  standard  image  processing  procedures  along 
with  specially  developed  techniques.  The  second  stage  entailed  the  production  and 
distribution  of  a  chart  suitable  for  operational  use.  The  final  stage  will  be  the  evaluation 
of  the  chart  by  survey  participcnts  and  from  ground  truth  data  derived  from  the  survey. 

The  fleet’s  need  for  greater  application  of  MSI  would  be  best  met  by  continued 
interaction  between  NOARL,  NAVOOTANO,  and  operating  units.  NOARL  involvement 
in  another  exercise  similar  to  this  one  would  serve  as  an  ideal  vehicle  for  further 
development  of  MSI  products  which  could  be  integrated  into  hydrographic  survey. 

Sponsored  by  the  Naval  Oceanographic  Office,  Hydrographic  Department. 

Published  as  a  Special  Report  for  the  Naval  Oceanographic  Office. 
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THE  APPLICATION  OF  NOARL’S  AERONAUTICAL  CHART 
COMPRESSION  TECHNIQUES  TO  NAUTICAL  CHART  DATA 


P.  Wischow 
M.  Lohrenz 
M.  Trenchard 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Stennis  Space  Center,  MS  39529-5004 


Abstract 

The  Map  Data  Formatting  Facility  (MDFF)  at  the  Naval  Oceanographic  and 
Atmospheric  Research  Laboratory  (NOARL)  is  creating  a  library  of  Compressed 
Aeronautical  Chart  (CAC)  data  on  Compact  Disk-Read  Only  Memory  (CD-ROM)  for  the 
Navy  and  the  Marine  Corps.  The  CAC  is  a  seamless  database  that  is  created  by  color  and 
spatially  compressing  Defense  Mapping  Agency  (DMA)  Arc  Digitized  Raster  Graphics 
(ADRG)  aeronautical  chart  data. 

The  CAC  CD-ROMs  are  used  for  mission  planning  and  flight  operations,  but  they 
are  not  flown  in  the  aircraft  as  the  media  is  much  too  fragile  to  handle  the  typical  flight 
environment. 

Specifically,  the  CAC  provides  direct  support  to  the  Navy’s  AV-8B  and  F/A-18 
mission  planning  systems  (MPS).  The  MPS  extracts  the  compressed  chart  data  from  CD- 
ROM  and  loads  it  onto  a  militarized  WORM  (Write  Once,  Read  Many)  aircraft  optical 
disk  (AOD).  The  AOD  is  flown  onboard  the  aircraft  as  a  replacement  for  traditional  paper 
charts  and  filmstrip  products. 

Since  the  installation  of  the  MDFF  processing  suite  in  March,  1990,  eleven  CAC  CD- 
ROM’s  have  been  produced  (see  Appendix  A).  Six  CD-ROMs  are  current,  three  were 
pressed  for  internal  testing,  and  two  have  been  superseded  due  to  required  changes  in  color 
palettes. 

In  early  August,  1990,  the  MDFF  began  processing  ADRG  data  to  create  a  CAC 
CD-ROM  for  the  Desert  Shield  area  of  the  Middle  East  (see  Appendix  A  for  geographic 
coverage  of  CAC  2B).  This  data  was  used  successfully  by  F/A-18  and  AV-8B  pilots  during 
Operation  Desert  Shield/Storm.  These  digital  charts  enabled  the  pilots  to  fly  missions  in 
areas  of  low  visibility  (due  to  oil  fires,  during  night  attack  mission,  etc.)  with  significant 
precision. 
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Sponsor:  This  work  is  sponsored  by  the  Naval  Air  Systems  Command  (NAVAIR)  and  has 
been  funded  for  the  past  six  years  by  the  AV-8B,  F/A-18,  and  V-22  programs  under  Aircraft 
Procurement,  Navy  HICC,  program  elements  940101  (64214N  and  64262N)  and  980101 
(APN). 


Presented  at  MTS  ’91,  New  Orleans,  LA,  November  11-13,  1991. 
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